Background: The Bentall operation is recommended for thoracic aortic dissection or aneurysm involving the aortic root. However, if the lesion extends to the aortic arch, concomitant Bentall operation plus aortic arch replacement (CoBAAR) surgery is required. CoBAAR is challenging because of its complex cardiopulmonary procedure, prolonged cardiopulmonary bypass time, and demanding operative techniques. Therefore, surgical mortality and morbidity rates for CoBAAR are very high. However, the Bentall operation performed as a single procedure may lead to reoperation if the residual aneurysm progresses. Therefore, CoBAAR as a one-stage surgery can lower the need for reoperation and possible further complications. Methods: Nine patients received CoBAAR during January 2005 to May 2010. Six patients were diagnosed with Sanford type A aortic dissection and three with nondissecting ascending aortic and arch aneurysm. Four patients received a Bentall operation plus hemiarch replacement. The others received a Bentall operation plus total arch replacement along with elephant trunk because of extensive lesions. Results: The in-hospital mortality was 11.1% (1 patient with total arch replacement). Morbidity included stroke (2 patients), spinal cord injury (1 patient), mechanical ventilation for more than 72 hours (5 patients), and temporary renal dialysis (3 patients). Eight patients survived. Conclusion: CoBAAR is a demanding operative technique requiring complex cardiopulmonary bypass. However, surgeons can perform this procedure on extensive ascending aortic dissection or aneurysm patients, achieving satisfactory results.
Introduction
Surgeons recommend the concomitant Bentall operation plus aortic arch replacement (CoBAAR) surgery in some conditions. However, this procedure is complicated, requiring demanding operative techniques, complex cardiopulmonary bypass, brain perfusion, and detailed surgical planning. The characteristics of a disease, pathology, comorbidity, and surgeon's experience are all factors which determine if ascending aorta repair includes the aortic arch. This is individualized, and the decision-making can be difficult, especially in cases of urgent arch setting and combined aortic root ascending aorta reconstruction. If surgeons only perform ascending aortic replacement, there is an increased likelihood of subsequent aortic arch aneurysm rupture and need for reoperation. 1, 2 Although some patients require Bentall operation plus total arch replacement, surgeons rarely perform this procedure because of its complexity. There are few previous studies, usually case reports, which describe the use of this type of surgery. 3, 4 The present study, therefore, aimed to evaluate the safety and outcomes of CoBAAR performed in the authors' institution.
Methods

Patient selection
From January 2005 to May 2010, 117 patients with type A aortic dissection received surgery. Six (5.1%) of these patients underwent CoBAAR surgery. Four patients presented with acute dissection and the other two with chronic dissection. Three patients received CoBAAR for nondissecting ascending aortic aneurysm plus arch aneurysm. During the evaluation period, the total number of CoBAAR surgeries was nine ( Table 1) . One patent classified as having nondissecting ascending aortic aneurysm, in fact, had concomitant type B aortic dissection with aortic root ectasia and dilatation with severe aortic regurgitation. Most patients' aortic valve regurgitation was severe. Only one had aortic regurgitation of moderate severity. The mean age of the patients was 51 years (range, 26e73 years), and seven (77.8%) were men. Five patients had hypertension, one patient had received a diagnosis of Marfan syndrome, and one patient had previously undergone heart surgery. Surgeons recorded eight patients' cardiac functions using preoperative transthoracic echocardiogram or transesophageal echocardiogram under anesthesia, except for one patient who presented with congestive heart failure [New York Heart Association (NYHA) Fc IV] before the operation. Four patients presented with type A aortic dissection plus other concomitant critical problems (Tables 1 and 2) .
Four patients with acute type A aortic dissection received emergent operation, and the others underwent complete examination before the elective surgery. In five of the six type A aortic dissection patients, the level of dissection extended to the descending aorta and common iliac artery. The other patient's dissection extended to the distal arch and proximal descending aorta.
In the acute type A aortic dissection and emergent operation group, transesophageal echocardiogram in the operation room assessed cardiac function and severity of aortic regurgitation.
According to the aneurysm's characteristics, such as its extensive range, severity of intimal tear, and the fragility of the aortic wall, aortic arch replacement was of two types: total arch replacement and hemiarch replacement. Five patients received total arch replacement. Both the dissecting and nondissecting ascending aortic aneurysm patients had undergone these two procedures.
Operative techniques
All operative procedures involved the use of sternotomy, antegrade cerebral perfusion with circulation arrest, and hypothermia of approximately 17e20 C. Arterial cannulation was via the right axillary artery, with the exception of one cannula inserted into the left femoral artery because of the dissection of the axillary artery. Venous cannulation was via the right atrium in six patients, and three patients received cannulation via the right femoral vein (Fig. 1 ). Coronary perfusions with cardioplegia were antegrade in seven patients and both antegrade and retrograde in two patients. a Four patients were associated with concomitant comorbidity. The first patient had brain infarction with change in consciousness, pulmonary edema, and respiratory failure; the second had left lower limb critical ischemia; the third had congestive heart failure, NYHA Fc IV; the fourth had sudden change in consciousness. The Bentall operation was initially performed with a valve conduit during the operation. The body temperature was reduced to 17e20 C, then a clamp was applied to innominate arteries. The flow of the heartelung machine (HLM) decreased to 1 L/min for brain protection using antegrade perfusion. At low flow, the elephant trunk was first performed with graft, and the trunk was connected to the branched graft. During replacement of the arch, another A-line was set through one branch of the graft, then the HLM support filled and started rewarming. Anastomosis was performed on the left carotid artery and the main body of the branch to valve conduit and innominate artery, respectively.
The mean operative time was 8.71 AE 0.83 hours, with the longest duration of operation being 13.16 hours. The mean duration of circulation arrest with low flow time was 56.9 AE 13.5 minutes. The mean HLM bypass time was 315.0 AE 69.3 minutes, and the mean aortic clamp time was 190.6 AE 35.6 minutes. The mean hypothermia was 18.3 AE 1.64 C. The left and right cerebral oxygen saturation levels were closely monitored during operations using cerebral oximetry. Total circulation arrest (including cerebral circulation) occurred for 4 minutes in one patient because of an aortic rupture caused by dense adhesion of the aortic aneurysm and redo sternotomy.
Results
Early death and morbidity
There was one (11.1%) in-hospital death: a type A dissenting aortic aneurysm patient who received an emergent operation. The patient lost consciousness and developed acute renal failure before surgery. Brain computed tomography revealed acute infarction. This patient's operative time and HLM bypass time was the longest among the group, because of poor condition and poor hemostasis function, but the circulation arrest time was shorter than those of other patients. The patient died of multiple organ failure on postoperative day 3.
In five (62.5%) of the eight patients, the duration of mechanical ventilator support required was more than 72 hours. The mean duration of ventilator support was 15.2 AE 17.87 days. One Marfan patient who developed type A DAA and lost consciousness before surgery had clear consciousness at discharge, and also tracheotomy due to weakness. He was fully recovered 6 months later.
Of the survivors, three patients (37.5%) suffered acute renal failure requiring temporary hemodialysis. Their renal function had returned to baseline levels before discharge from the hospital.
Two (25%) of the survivors had stroke, both losing consciousness before operation. One presented with postoperative depressive mood with bilateral cerebral infarction. One patient experienced shock, CPR, and hypoxic encephalopathy before surgery. Before the emergent operation, he remained in a coma. After the operation, the patient's renal function and liver function recovered uneventfully, but the medical team could not wean him from mechanical ventilation. One patient had paraplegia and spinal cord injury below the T-10 level. He became bedridden, but his condition recovered completely after rehabilitation. The mean duration of ICU stay was 27.25 days (range, 3e69 days). The mean duration of postoperative hospital stay was 45 days (range, 14e87 days). No patients had surgical wound infection.
Late death and late reoperation
None of the patients died during the follow-up interval or underwent reoperation on the aorta. One patient had a subcutaneous cyst over the upper sternal wound and received cyst excision. One patient received postoperative follow-up at the outpatient clinic of his local hospital and confirmed his condition via telephone. One patient died after 1 year because of cerebral aneurysm rupture with intracranial hemorrhage.
Discussion
Previous literature on CoBAAR is sparse, consisting of only a few case reports. In the study hospital, 117 patients with type A aortic dissection underwent surgery, of which 5.1% underwent CoBAAR. One reason for the rarity of CoBAAR is that surgeons deem most patients as not requiring the surgery because of the low severity of the aortic intimal tear, or only minor extension of the aneurysm. The other reason for avoiding such an operation is that it presents a major technical challenge for surgeons, perfusionists, and anesthesiologists. If the surgeon chooses to operate on the ascending aorta only, to avoid more complicated procedures, immediate bleeding may be encountered. If the patient survives, the individual will need early reoperation on the aortic arch to avoid subsequent problems.
In the past, the appropriate procedure for Stanford type A aortic dissection extending to the arch or descending or abdominal aorta was a controversial issuedthe question centered on whether surgeons should limit the initial urgent procedure and replace the ascending aorta alone, or perform the aortic arch repair simultaneously. Some prior studies discussed the rationales for including the arch in resections in some situations: aortic arch showing actual or impending rupture, markedly enlarged false lumen in the arch, or large aneurysmal lesion in the aortic arch. Surgeons may also consider the site of the intimal tear. 5, 6 In the present study, six patients had a Stanford type A aortic dissection, with the intimal tear interfering with the arch (Fig. 2) . Three patients with nondissecting ascending aortic aneurysm had arch dilatation (Fig. 3) . All had aortic root involvement and severe aortic regurgitation (except one case with moderate-severity aortic regurgitation). Surgeons recommended CoBAAR in these patients. Avoiding the arch replacement to reduce the operation time, circulation arrest time, and complications of procedures may lead to immediate bleeding after anastomosis in the unhealthy arch wall, and possible bleeding to death during surgery due to arch aneurysm tear or rupture. If the patient survives without arch replacement, there will be a high likelihood of early reoperation being required. After another high-risk operation, the risk of needing a redo sternotomy is high. In an investigation by Kazui et al, 7 the rate of reoperation in patients with aortic arch dissection who received ascending aortic replacement without resection of intimal tear was 30% 1 year postoperatively. Crawford and colleagues 8 reported that previous operation on the ascending aorta or aortic arch was a significant risk factor in patients. Therefore, in the present study, surgeons performed the ascending aorta and arch replacement as a one-stage procedure. There are advantages in switching Stanford type A aortic dissection to type B. The false residual type B aortic dissection may have the chance to have thrombosis and shrinkage, whereas the residual descending aortic aneurysm can remain for insertion of a stent graft with elephant trunk reconstruction.
The extensive range of aortic aneurysm or intimal tear determined if surgeons performed a total arch replacement or a hemiarch replacement. Total arch replacement included the innominate artery, left carotid artery, and the elephant trunk. The hemiarch replacement included two kinds of procedure: reconstruction of the right innominate artery or reconstruction of the lesser curve of the aortic arch (Fig. 4) .
When deciding whether to operate, it is important for surgeons to consider the immediate risks of surgery and longterm outcome. With careful planning and refined surgical techniques, a surgeon should have the confidence to deal with solution, in combination with hypothermia, to protect the myocardium. This solution has a low potassium concentration and contains a broad histidine buffer system. Several previous studies have reported the HTK solution as superior to other cardioplegias. 9, 10 Detailed surgical plans and procedures are also important to ensure cerebral protection, and reduce cardiopulmonary machine bypass time and circulatory arrest time. In the present study, the initial procedure was the Bentall operation, followed by elephant trunk. Blood flow was reduced to 1 L/min with antegrade cerebral perfusion.
Anastomosis of the elephant trunk to the distal part of the main body of the composite graft, followed by another A-line (via perfusion branch of the composite graft or from a femoral artery), started perfusion and rewarming of the whole body. After anastomosis of the proximal part of the composite graft to the ascending aorta graft, the heart could regain normal perfusion. Then, anastomosis of the branches of the composite graft to the left carotid artery and innominate artery would follow. At this stage, surgeons could either perform anastomosis of the left side subclavian artery to the graft or use ligation.
In one patient with ascending aortic aneurysm extending to the arch and severe aortic regurgitation, surgery included total (including cerebral) circulation arrest. This patient had undergone an open heart surgery in childhood, and a huge aortic aneurysm had developed (Fig. 5) . The aneurysm adhered to the sternum without leaving much retrosternal space. After setting up the HLM, surgeons performed resternotomy. The axillary artery was too small to set the arterial line; therefore, surgeons used the right femoral artery. During resternotomy, the ascending aorta was lacerated. Compression of the bleeding site controlled the bleeding, and then the HLM and systemic hypothermia were started, until the body temperature reached 20 C. Total circulation arrest for repair of the aorta continued for 4 minutes, before commencement of the subsequent procedure. The patient survived. Another patient, who expired, had an extremely critical condition on arrival at the study hospital. The patient was in a comatose condition, with heart and respiratory failure, plus a Euroscore of 38.92%. The patient experienced operative bleeding. Heart failure persisted after operation, and setup of extracorporeal circulation occurred the day after surgery. The patient expired on the 3 rd postoperative day. One patient suffered from paraplegia post-operation and eventually recovered. He received total arch replacement and elephant trunk after initial development of the elephant trunk technique. The length of the elephant trunk was 8 cm and may have led to the malperfusion of the intercostal artery. In previous studies, the incidence of paraplegia after implantation of an elephant trunk was approximately 2e3.3%, 11, 12 mostly related to stent graft. Spinal cord injury can be associated with multiple factors, such as the thoracic vertebral level, site of deployment of the distal end of the elephant trunk, patient history of downstream aortic operation, intraoperative hypotension, and patients' individual pathologies (aneurysm or acute dissection). 13 Prior studies have discussed the most appropriate diameter and length of an elephant trunk, with no conclusion on the most suitable size. In the authors' experience, it is preferable that the length of the elephant trunk not exceed 5 cm.
Previous studies have discussed the Stanford type A aortic dissection, with surgical risks including cardiac failure, postoperative bleeding, renal failure, neurologic failure, and respiratory failure. Other factors suspected to relate to surgical risk and mortality included diabetes, predissection NYHA functional class, year of operation, and concomitant CABG. 6 Comorbidities in the study patients, including the nondissecting aortic aneurysm, were relatively simple: five patients had hypertension and no patients had concomitant diabetes mellitus. Only one patient was above 70 years of age, and all patients had almost preserved lung and left ventricle systolic function. However, two patients had neurological deficit before the operation.
When considering concomitant ascending aorta and aortic arch repair, surgeons should also consider possible subsequent problems. Twenty to forty percent of patients with Stanford type A aortic dissection have reportedly died as a result of rupture of distal aneurysm, or have required subsequent surgery for distal aneurysm. 5 The surgical risk of early death due to concomitant arch repair may increase, or reduce, according to the detail of surgical planning and the training and experience of the surgeon. If patients can overcome the risk of early death in concomitant arch repair, the late survival rate is satisfactory, and the likelihood of needing subsequent surgery decreases.
In conclusion, earlier studies of ascending aorta with concomitant aortic arch replacement or ascending aorta replacement produced controversial findings. However, concomitant aortic arch replacement can increase survival and long-term outcome if medical teams can avoid surgical risk. The Bentall operation is more complicated than simple ascending aortic replacement or concomitant aortic arch replacement. However, with refined surgical techniques and careful planning, some surgeons may opt to perform the surgery to avoid a patient's need for a second operation and subsequent problems. Prior studies have described the ascending aorta with concomitant aortic arch replacement, but there was no previous, thorough study on CoBAAR. The present study evaluated a limited number of patients. However, clinical outcome was satisfactory. Results, therefore, indicate that CoBAAR is a worthwhile procedure for certain patients, which surgeons can perform with limited risks.
